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CLAIM FOR PRIORITY 
[0001] This application is a continuation-in-part of prior Application No. 10/039,545 filed 

October 22, 2001, now Patent No. 6,661,309 granted December 9, 2003. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a microwave waveguide feed network which has 
one port typically made of circular or square waveguide used to interface with an 
antenna, and additional ports for connection to one or more transmitters and/or receivers. 
More particularly, the present application relates to such microwave feed networks for 
use in satellite communications. 

Background 

[0003] A conventional feed network to transfer a microwave signal between an antenna and 
a transmitter and receiver is an ortho-mode transducer ("OMT"). The OMT is a three- 
port device, as shown in Figs. 1 A and IB, which has a circular waveguide port 100 for 
interfacing with an antenna and two rectangular waveguide ports 102 and 104, each for 
connecting to a transmitter and/or a receiver. The OMT is often used to feed orthogonal 
polarizations at ports 102 and 104 to and from the port 100 connected to an antenna used 
in satellite communications. The two orthogonal polarizations provided at ports 102 and 
104 may cover the same or different frequencies. 

[0004] As the demand for wireless communications increases, the transmission and 

receiving capacity of communication systems must also increase. Signals provided from 
a antenna must be provided to more than two ports, with each port potentially having 
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different polarization requirements or different frequency ranges. In order to increase the 
capacity of a conventional OMT, network elements such as filters, switches and couplers 
have to be connected to rectangular waveguide ports of the OMT to distribute a signal 
between the circular waveguide antenna port to additional waveguide ports. 

SUMMARY 

[0005] The present invention provides a network with increased channel capacity over an 
OMT. The network in accordance with the present invention enables a system's capacity 
to be upgraded without the need for additional filters, switches or couplers needed to 
increase the number of ports available on a conventional OMT. 

[0006] The multi-channel network in accordance with present invention further provides 
for transferring a signal between a waveguide connected to an antenna and additional 
ports with a variety of polarizations. For instance, the network can support linear, right 
hand or left hand circular, dual linear, or dual circular polarizations. 

[0007] The multi-channel network in accordance with the present invention is further 
capable of being manufactured using low cost die casting. 

[0008] The multi-channel network in accordance with the present invention includes a main' 
waveguide section (either square or circular) for propagation of two orthogonal 
polarizations, an on-axis low pass section which has the same cross section as the main 
waveguide section, and a high pass section connected perpendicular to the main 
waveguide section. The low pass section includes a band reject filter (BRF) which is a 
modified version of a filter described in U.S. Patent 5,739,734. Isolation between the low 
and high frequency waveguide channel sections is obtained by the rejection performance 
of the filters, including the BRF and the high pass waveguide section which functions as 
a filter. Limited disturbance to the cross polarized signals provided from the BRF occurs 
due to the geometric symmetry of the feed network. 

[0009] The feed network can be configured to support a number of different polarizations. 
The feed network can provide two orthogonal linear polarizations for both high and low 
frequency bands. Orthogonal linear polarizations are provided for the high frequency 
bands by adding additional high pass sections connected by power dividers, while 
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orthogonal linear polarizations are provided for low frequency bands by adding a 
conventional OMT. Adding a polarizer between the antenna and main waveguide section 
enables both the high pass and low pass sections to support left or right hand circular 
polarization. By adding a 90° degree hybrid coupler, the high pass section can support 
circular polarization alone. By adding a polarizer and OMT after the low pass section, 
the low pass section can support circular polarization. 
[0010] By using two 90°degree hybrid couplers and two power dividers, a network can be 
created to support dual circular polarization, or dual linear polarization. Such a network 
formed with the high pass section and common waveguide section can be die cast as a 
single integrated unit to simplify manufacturing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] The present invention will be described with respect to particular embodiments 

thereof, and references will be made to the drawings in which: 
[0012] Figs. 1 A and IB show a perspective view of a conventional three-port OMT; 
[0013] Fig. 2 shows a block diagram of a multi-channel feed network in accordance with 

the present invention; 

[0014] Fig. 3 A shows a perspective view for one embodiment of the feed network depicted 
in Fig. 2. 

[0015] Fig. 3B shows cutaway perspective views of the feed network of Fig. 3 A; 
[0016] Fig. 3C shows a cross section of the low pass section of the feed network of Fig. 
3A; 

[0017] Fig. 4 shows a block diagram with a conventional OMT connected to the multi- 
channel feed network of Fig. 2; 

[0018] Fig. 5 shows a block diagram illustrating additional high pass ports added to the 
configuration of Fig. 4; 

[0019] Fig. 6 shows a perspective view of the components of Fig. 5, apart from the OMT; 
[0020] Fig. 7 shows two equal amplitude power dividers for connection to the additional 

high pass ports of Fig. 5 to enable two high pass outputs to be provided; 
[0021] Fig. 8 shows the combined structures of Figs. 5 and 7 with an additional polarizer 

added to enable supporting right hand and left hand circular polarization; 
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[0022] Fig. 9 shows the insertion of a polarizer 700 between the low pass section and the 
conventional OMT of the circuit of Fig. 5 enabling the low band to support circular 
polarization alone; 

[0023] Fig. 10 shows additional components which may be connected to the high band 
sections of Fig. 9 to enable the high band to support circular polarization alone; 

[0024] Fig. 1 1 shows a block diagram of additional components which can be connected to 
the high pass sections of Fig. 5 or Fig. 9 to enable the high pass sections to support dual 
circular polarizations; 

[0025] Fig. 12 shows a block diagram of additional components which can be connected to 
the high pass sections of Fig. 5 or Fig. 9 to enable the high pass sections to support dual 
linear polarizations; 

[0026] Fig. 13 shows the components of Fig. 11 in a configuration enabling die-casting of 

the components in a single plane; 
[0027] Fig. 14 shows the components of Fig. 12 in a configuration enabling die-casting of 

the components in a single plane; 
[0028] Fig. 15 shows a perspective view of an embodiment of the multi-channel feed 

network of the present invention using an integrated die cast structure; 
[0029] Fig. 16 shows a perspective view of half of the combined common and high pass 

sections of Fig. 15; and 
[0030] Fig. 17 shows a perspective assembly view of the low pass section of Fig. 15. 

DETAILED DESCRIPTION 

[0031] Fig. 2 shows a block diagram of a multi-channel feed network in accordance with 
the present invention. The multi-channel feed network includes a common waveguide 
section 200, a high pass section 202 and a on-axis low pass section 204. Fig. 3 A shows a 
perspective view of one embodiment of the feed network depicted in Fig. 2. Fig. 3B 
shows perspective views of the feed network of Fig. 3A cut in half. For convenience, 
components of Figs. 3 A and 3B corresponding to those in Fig. 2 are similarly labeled, as 
will be components carried over in subsequent drawings. 

[0032] The common waveguide section 200 represented in Fig. 2 can be circular or square 
or any cross section waveguide that can support two polarizations, or orthogonal 
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propagating modes. The common section 200 shown in Figs. 3A and 3B is a circular 
waveguide. 

[0033] The high pass section 202 functions as a filter to low frequency signals, and serves 
as a channel path perpendicular to the path of the common waveguide section 200. By 
controlling the length of the high pass filter section 202, isolation to the low pass section 
204 can be obtained. The perpendicular high pass channel 202 does not provide any 
significant deterioration to the cross polarization of the common waveguide section 200. 

[0034] The low pass section 204, being on-axis with the common section 200, includes a 
band reject filter (BRF) that passes the low frequency band signals and rejects high 
frequency band signals. The cross section of the low pass section 204, as shown in Fig. 
3C, has slots cut forming the band reject filter and is similar to the common waveguide 
section 200 apart from the slots 210. The slots for the band reject filter can be tapered to 
enable the network to be die cast and easily removed from a mold. The band reject filter 
is made of the evanescent mode filter cutouts along both an x-axis and a y-axis with 
geometric symmetry of the cutouts providing for both dual orthogonal polarizations. The 
symmetry of the band reject filter cutouts maintains the cross polarization of the entire 
feed network with limited degradation. The distance between the low pass section 204 
and the high pass section 202 is important because the distance cause the band reject 
filter cutouts to act as either a short or an open as seen by the high pass channel 202. 
With the high pass section 202 manufactured as a rectangular waveguide as shown in 
Figs. 3 A and 3B, one polarization can be carried by the high frequency channel. The low 
pass section 204 shown in Figs. 3A and 3B is circular, allowing for two orthogonal 
polarizations to be carried on the low frequency channel. The functions of the basic feed 
network shown in Figs. 3 A and 3B can be expanded as described in more detail below. 

[0035] If isolation of the cross polarization components of the low band pass section 204 is 
desired, a conventional OMT 400 can have its circular waveguide port attached to the 
circular port 214 of the low pass section 204, as shown in Fig. 4. The OMT will provide 
good isolation of the orthogonal signals as divided between the rectangular ports 1 and 2 
of the OMT. Another advantage of attaching the OMT as shown in Fig. 4, is that the 
rectangular ports 1 and 2 are more compatible with standard rectangular interfaces 
typically found on transmitters and receivers. 
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[0036] If additional high pass ports are desired, additional high pass sections 202a-202d 
can be added to the configuration of Fig. 4 to provide ports 5, 6, 7 and 8, as illustrated in 
Fig. 5. Fig. 6 shows a perspective view of a feed network of Fig. 5, similar to Fig. 3A, 
including a common section 200, a low pass section 204, and four orthogonal high pass 
sections 202a, 202b, 202c and 202d (as opposed to the single high pass section 202 of 
Fig. 3), and excluding the OMT 400 of Fig. 5. 

[0037] With the four high pass sections 202a-202d included, two equal amplitude power 
dividers/combiners 500 and 502, as shown in Fig. 7, can be connected to the high pass 
sections 202a-202d at ports 5-8 of Fig. 5, to create two high pass ports 3 and 4. Outputs 
of two of the high pass ports 5 and 6, or 7 and 8, spaced physically 180 degrees apart 
have signals combined by each of the respective power dividers 500 and 502 to include 
all modes making up one polarization of the original high pass signal. The geometric 
symmetries of the high pass sections 202a-202d and power dividers 500 and 502 make 
the electromagnetic mode or the signals provided at ports 3 and 4 extremely pure. 
Between the two high pass output ports 3 and 4, the cross polarization isolation will be 
high. The two high pass ports 3 and 4 can, thus, excite two orthogonal linear polarization 
waves in this feed network at high band. As described above, even with the four high 
pass sections 202a-202d, the two linear orthogonal polarizations provided from ports 1 
and 2 of the low band section can still be included in the feed network. 

[0038] Both right hand circular polarization (RHCP) and left hand circular polarization 
(LHCP) can be supported by the structure of Fig. 5 with multiple high pass sections and 
power dividers of Fig. 7 connected with a polarizer 800, as illustrated in Fig. 8. The 
polarizer 800 is connected between an antenna and the common port of the common 
waveguide section 200, as illustrated in Fig. 8. For the low pass sections, when port 1 or 
2 is selected to support right hand circular polarization, the other port automatically 
supports left hand circular polarization with the polarizer 800 attached. Similar concepts 
apply to provide right and left hand circular polarization signals from ports 3 and 4 of the 
high pass sections. 

[0039] The low band and high band sections can also be individually polarized, as 
illustrated in Figs. 9 and 10. As shown in Fig. 9, by inserting a polarizer 700 between the 
low pass section 204 and the conventional OMT 400 of the circuit of Fig. 5, the low band 
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can be made to support circular polarization. By adding the components of Fig. 10 to the 
circuit of Fig. 9, circular polarization can be individually supported by the high band 
section. In Fig. 10, a 90° hybrid 3 dB coupler 702 is connected to the output of two 
power dividers 500 and 502 of Fig. 7 to form the ports 3 and 4, enabling the high band 
ports 3 and 4 to support circular polarization. If the network requires only one of the low 
band section or high band section to support circular polarization, either the polarizer 700 
or the 90° degree 3 dB coupler 702 can be omitted from the system. 

[0040] To maximize the performance of the conventional circular polarization feed 
network, the VSWR of the feed antenna must be exceedingly low. The need for a low 
VSWR results because a small amount of mismatch between the feed network and the 
antenna will cause reflections at the interface which will experience a change in 
polarization, i.e. from RHCP to LHCP and vice versa, resulting in multiple reflections in 
the attached feed network. But, an antenna with a higher VSWR due to an axial ratio 
mismatch can have an improved performance with the feed network in accordance with 
the present invention by terminating orthogonal ports with matched loads. For example, 
if an axially mismatched antenna is used and it is desired to transmit and receive using 
ports 1 and 4 of Fig. 8, improved performance can be obtained by terminating ports 1 and 
4. Mismatch signals reflected from the feed antenna are then absorbed at ports 2 and 3, 
and the effects of higher VSWR due to an axial mismatch remains at a minimum. A 
similar method can be applied with the configurations illustrated by Figs. 9 and 10. 

[0041] The use of a discrete 90° hybrid 3dB couplers connecting to ports 3 and 4 can be 
achieved using coaxial connectors and phase-matched cables. However, the added cost 
of manufacturing separate components with connectors is a disadvantage. A lower cost 
less complex feed network can be achieved by manufacturing the entire feed network 
including the coupler and power dividers in a single plane that can be die cast as one unit 
at a low cost. 

[0042] Fig. 1 1 shows a block diagram of additional components which can be connected to 
ports 5, 6, 7 and 8 of the high pass sections of Fig. 5 or Fig. 9 to enable the feed network 
to provide dual circular polarizations. The additional components include two 90° 3 dB 
hybrid couplers 800 and 802 connected to the high pass waveguide ports 5, 6, 7 and 8, as 
shown. Port 8 is connected to the 90 degree coupler 802 by a X A wavelength delay line 
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810. The remaining ports 5, 6 and 7 are connected with phase matched lines. The 
additional components further include power dividers 804 and 806 connected to the 
output ports, labeled 9, 10, 11 and 12 of the 90° hybrid couplers 800 and 802. Ports 10 
and 1 1 of the couplers are connected to the respective power dividers 802 and 800 by 1/4 
wavelength delay lines 812 and 814. The ports 9 and 12 are connected using phase 
matched lines. The output ports 3 and 4 of the power dividers 804 and 806 provide the 
two orthogonal circular polarizations. 
[0043] Fig. 12 shows a block diagram of additional components which can be connected to 
ports 5, 6, 7 and 8 of the high pass sections of Fig. 5 or Fig. 9 to enable the feed network 
to provide dual linear polarizations. The additional components include two 90° 3 dB 
hybrid couplers 900 and 902 connected to the high pass waveguide ports 5, 6, 7 and 8, as 
shown. Ports 6 and 7 are connected to the couplers 900 and 902 using 1/4 wavelength 
delay lines 910 and 912. The remaining ports 5 and 8 are connected with phase matched 
lines. The additional components further include power dividers 904 and 906 connected 
to the output ports, labeled 9, 10, 1 1 and 12 of the 90° 3 dB hybrid couplers 900 and 902. 
The port 10 is connected to the power divider 906 by a X A wavelength delay line 913. The 
remaining ports 9, 1 1 and 12 are connected using phase matched lines. The output ports 
3 and 4 of the power dividers 904 and 906 provide the two orthogonal linear 
polarizations. 

[0044] The components in the block diagram of Fig. 1 1 in combination with a common 
waveguide section and high pass sections are shown connected in a configuration 
enabling die-casting of the components in a single plane in Fig. 13. The hybrid couplers 
800 and 802 enable configuration of transmission lines without the transmission lines 
crossing, enabling the layout to be in a single plane. For example, a connection from port 
7 to power divider 806 would cross a connection from port 5 to power divider 804, 
preventing construction of the network in a single plane without the hybrid couplers 800 
and 802. Similarly, the components in the block diagrams of Fig. 12 in combination with 
a common waveguide section and high pass sections are shown connected in a 
configuration enabling die-casting of the components in a single plane in Fig. 14. 

[0045] Fig. 15 shows a perspective view of an embodiment of the multi-channel feed 
network of the present invention using an integrated die cast assembly to simplify 
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manufacturing. The embodiment shown includes a feed horn antenna 930, a combined 
common and high pass section 932, a low pass section 204, and a low pass polarizer and 
OMT 934. The horn antenna 930 is attached by screws or bolts through the holes shown 
to the combined common and high pass section 932. The combined common and high 
pass section 932 is manufactured as two halves which are attached by bolts or screws in 
the holes shown. Ports 3 and 4 are provided from the sides of the combined common and 
high pass section 932 (Port 4 being shown) with screw holes allowing for attachment of 
power dividers (not shown) to Port 4 to provide the high pass output ports 6-8. The low 
pass section 204 is similarly manufactured in two halves attached by screws through the 
holes shown. Finally, the polarizer and OMT 934 are attached by screws through the 
holes shown in the low pass section 204. The polarizer and OMT 934 provide the output 
ports port 1 and port 2 of the assembly in the end opposite the low pass section 204. 

[0046] Fig. 16 shows a perspective view of half of the combined common and high pass 
sections 932 of Fig. 15. The half shown is symmetrical with the other half, so only one 
half is shown. The two halves making up sections 932 can be machined into stock metal, 
but the configuration also enables a mold to be made from a machined section enabling 
die-casting of parts to simply manufacturing and minimize manufacturing costs. 

[0047] The combined common and high pass sections 932 of Fig. 16 have a configuration 
shown in block diagram in Fig. 13. The circles illustrate portions of the structure of Fig. 
16 which correspond with circuit components shown in block diagram in Fig. 13. The 
components of Fig. 16 identified in block diagram in Fig. 13 are similarly labeled. 
Although the configuration of Fig. 13 is shown using the waveguide structure shown in 
Fig. 16, the waveguide lengths can be easily altered to form the configuration of Fig. 14 
in a similar manner as would be understood to a person skilled in the art. 

[0048] Initially as shown in Fig. 16, a signal received in the section 932 is provided in a 
common circular waveguide section 940. The signal provided to circular waveguide 
section 940 is then transitioned to high pass rectangular or square waveguide sections 
941-944. The waveguide section 943 includes a 14 wavelength phase shift section 945 
relative to sections 941, 942 and 944, formed by an additional length or waveguide, or by 
using a dielectric insert. Sections 941 and 942 are then combined in a branch line hybrid 
coupler 800 formed by openings between the high pass waveguides 941 and 942 as 
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shown, while sections 943 and 944 are combined in a branch line hybrid coupler 802. 
The signals from the couplers 800 and 802 are then provided to rectangular or square 
waveguide sections 951-954. Quarter wavelength sections 812 and 814 are shown 
provided in two high pass waveguide sections 951 and 953. The quarter wavelength 
sections 812 and 814 can be formed as additional length of lines 951 and 953 relative to 
sections 952 and 954, or provided using a dielectric insert. Lines 951 and 954 then 
combine in an E-plane septum power divider 806 formed as shown to form the output 
port 3. Lines 952 and 953 are combined in a similar E-plane septum power divider 804 
to form the output port 4. 
[0049] Fig. 17 shows a perspective assembly view of the low pass section 204, or band 
rejection filter section of Fig. 15. As with Fig. 16, the halves 961 and 962 forming the 
low pass section 204 are symmetrical, although both halves are shown in Fig. 17. Slots 
210 forming or cut-off wave guide stubs are provided in the circular waveguide, similar 
to that shown in Fig. 3B, to cut off high frequencies, while lower frequency signals are 
allowed to pass. As with the common and high pass sections 932, the two halves 961 and 
962 making up the low pass section 204 can be machined into stock metal which can be 
used to create molds enabling die-casting to simply manufacturing and minimize 
manufacturing costs. 

[0050] Although the present invention has been described above with particularity, this was 
merely to teach one of ordinary skill in the art how to make and use the invention. Many 
other modifications will fall within the scope of the invention, as that scope is defined by 
the claims provided to follow. 
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